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"[0001] This application claims the benefit of the Korean Application No. P2003- 
0002984 filed on January 16, 2003, which is hereby incorporated by reference. 

BACKGROUND OF THE INVENTION 

Field of the Invention 

[0002] The present invention relates to a small sized anode, and a magnetron 
therewith. 

Background of the Related Art 

[0003] In general, the magnetrons, as a kind of vacuum tube, have applications to 
micro-ovens, plasma lighting apparatuses, dryers, and other high frequency systems owing to 
merits of simple structure, high efficiency, and stable operation, and the like. 

[0004] Upon application of a power to the magnetron, thermal electrons are emitted 
from a cathode, and the thermal electrons generate microwaves by action of a strong electric 
field, and a strong magnetic field applied between the cathode and an anode. The microwave 
generated thus is transmitted from an antenna, and used as heat source for heating an object. 

[0005] A system of the magnetron will be described briefly, with reference to FIG. 1. 

[0006] Referring to FIG. 1, there are an anode 10 inside of the magnetron, and a 
cathode 15 of a helical filament 14 in an inner central part of the anode 10. 

[0007] The anode 10 is provided with a cylindrical anode body 11, a plurality of 
vanes 12 attached to an inside wall of the anode body 11 in a radial direction, and straps 13 on 
upper and lower surfaces of the vanes 12. 

[0008] In the straps 13, there are inner straps 13a and outer straps 13b each in contact 
with every second vanes 12 alternately for electrical connection of the vanes 12. The antenna 
16 is attached to one of the vanes 12 for emitting a high frequency energy transmitted to the 
anode 10 to an exterior. 
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' [0009] Along with this, there are a resonance cavity between adjacent vanes 12, and 
an interaction space between the cathode 15 and the vane 12. There are upper and lower 
magnetic poles 20a and 20b for being magnetized by magnets 19a and 19b to generate a 
magnetic energy. 

[0010] There are a plurality of cooling fins 17 on an outer circumferential surface of 
an anode body 11 for dissipating heat from the anode body 11 to an exterior, and upper and 
lower yokes 18a and 18b at an outside of the cooling fins 17 for holding and protecting the 
cooling fins 17 and guiding an external air to the cooling fins 17. 

[0011] Of the different components of the related art magnetron, the anode 10 will be 
described in more detail. 

[0012] Referring to FIGS. 2A and 2B, the cylindrical anode body 11 with an inside 
diameter Dbi has the plurality of vanes 12 each with a thickness Vt and a height Vh attached 
thereto in the radial direction. Opposite fore ends of the vanes 12 are spaced a distance Da 
apart from each other. The inner straps 13a and the outer straps 13b are provided to the upper 
part and the lower part of the vanes 12, each with a thickness St and a distance Siso between 
the two straps 13a and 13b. 

[0013] The related art magnetron is operative as follows. 

[0014] When a power is provided to the cathode 15, thermal electrons are emitted 
from the filament 14 and positioned in the interaction space. Along with this, the magnetic 
field formed by one pair of the magnets 19a and 19b is focused to the interaction space by one 
pair of the magnetic poles 20a and 20b. 

[0015] Consequently, the thermal electrons are caused to make a cycloidal motion by 
the magnetic field, which generates a microwave having a high frequency energy. The 
microwave is transmitted from an antenna 16 attached to the vane 12. 



[0016] The microwave transmitted thus cooks or heats food when the magnetron is 
applied to a microwave oven, or emits a light as the microwave excites plasma when the 
magnetron is applied to lighting. 

[0017] Meanwhile, the high frequency energy failed in the transmission to an outside 
of the anode 10 is dissipated as heat to an exterior by the cooling fins 17 around the anode 
body 11. 

[0018] The related art magnetron is failed in an optimal design, with waste of 
material. That is, even though cost of the magnetron can be reduced substantially if the 
oxygen-free copper used in the anode of the related art magnetron is reduced while 
maintaining performance of the magnetron, there are no researches for this. 

[0019] Particularly, the part of the related art magnetron that has the highest 
possibility of a product cost reduction is the anode, because the anode has the greatest 
expected effect of the cost reduction in that, if a cylindrical inside diameter Dbi of the anode 
is reduced even a little, a reduction of size is a multiple of n (3.14) to the reduced size. 

[0020] At the end, a necessity of a technology that can reduce the inside diameter Dbi 
of the anode while maintaining a performance of the magnetron is known. 

SUMMARY OF THE INVENTION 

[0021] Accordingly, the present invention is directed to a small sized anode, and a 
magnetron therewith that substantially obviates one or more of the problems due to 
limitations and disadvantages of the related art. 

[0022] An object of the present invention is to provide a small sized anode, and a 
magnetron therewith, in which an inside diameter of the anode is reduced for saving a 
material cost and simplifying a fabrication process. 

[0023] Additional features and advantages of the invention will be set forth in the 



description which follows, and in part will be apparent from the description, or may be 
learned by practice of the invention. The objectives and other advantages of the invention will 
be realized and attained by the structure particularly pointed out in the written description and 
claims hereof as well as the appended drawings. 

[0024] To achieve these and other advantages and in accordance with the purpose of 
the present invention, as embodied and broadly described, the anode with a 2450MHz 
resonance frequency includes a cylindrical anode body with an inside diameter in a range of 
32.5 to 34.0mm, ~XFo^ of the anode 

body in a radial direction, and an inner strap and an outer strap provided to both of an upper 
surface and a lower surface of each vanes, a distance of the inner strap and the outer strap 
being in a range of 0.8 to 1.2mm, and each of the inner strap and the outer strap being in 
contact with every second vanes for electrical connection of the vanes alternately. 

[0025] The anode body and vanes are formed to have the same thickness, or as one 
unit for simplification of a fabrication process. 

[0026] In another aspect of the present invention, there is provided a magnetron with 
an energy efficiency of higher than 70% including an anode with a 2450MHz resonance 
frequency including a cylindrical anode body with an inside diameter in a range of 32.5 to 
34.0mm, a total of ten vanes fitted to an inside circumferential surface of the anode body in a 
radial direction, and an inner strap and an outer strap provided to both of an upper surface and 
a lower surface of the vanes, a distance of the inner strap and the outer strap being in a range 
of 0.8 to 1.2mm, and each of the inner strap and the outer strap being in contact with every 
second vanes for electrical connection of the vanes alternately, an antenna attached to one of 
the vanes for transmitting a high frequency energy generated at the anode body to an exterior, 
and a helical filament in an inner central part of the anode. 



[0027] The anode body and vanes are formed to have the same thickness, or as one 
unit for simplification of a fabrication process. 

[0028] It is to be understood that both the foregoing general description and the 
following detailed description are exemplary and explanatory and are intended to provide 
further explanation of the invention as claimed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0029] The accompanying drawings, which are included to provide a further 
understanding of the invention and " are "incorporate this 
specification, illustrate embodiments of the invention and together with the description serve 
to explain the principles of the invention: 
In the drawings: 

FIG. 1 illustrates a section of a related art magnetron, schematically; 
FIG. 2A illustrates a perspective view of a related art anode; 
FIG. 2B illustrates a section of a related art anode; 

FIG. 3 illustrates a graph showing an inside diameter of an anode vs. a resonance 
frequency in accordance with a first experiment of the present invention; 

FIG. 4A illustrates a graph showing an inside diameter of an anode vs. a strap distance 
for maintaining a 2450 MHz resonance frequency in accordance with a second experiment of 
the present invention; 

FIG. 4B illustrates a graph showing an inside diameter of an anode vs. an efficiency of 
a magnetron in a state a 2450 MHz resonance frequency is maintained the same with FIG. 
4A; 

FIG. 5 illustrates a graph showing a strap distance vs. a magnetron efficiency for 
anodes with different inside diameters of the present invention; and 
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FIG. 6 illustrates a graph showing an inside diameter of an anode body vs. a thermal 
stability of an anode of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0030] Reference will now be made in detail to the preferred embodiments of the 
present invention, examples of which are illustrated in the accompanying drawings. In 
describing embodiments of the present invention, the same parts will be given the same 
names and reference symbols, and repetitive description of which will be omitted. 

(0031] The magietron of the presentln^^ inside 
diameter Dbi has a value between a lowest value of 32.5mm at which characteristics of the 
magnetron (the resonance frequency, thermal characteristics, and the like) can be maintained, 
and a highest value of 34.0mm which meets the purpose of fabricating a small sized 
magnetron. Also, the magnetron of the present invention has more than 10 vanes, and an 
energy efficiency higher than 70%, and a 2450MHz anode 10 resonance frequency. 

[0032] The anode 10 used in the experiment has 35.5mm inside diameter Dbi, and 10 
vanes 12. The distance Da between the vanes 12 is in the range of 8.9 to 9.2mm, the height 
Vh of the vane 12 is in the range of 7.5 to 10.0mm, and the thickness Vt of the vane 12 is in 
the range of 1.7 to 2.0mm. The distance Siso between the inner and outer straps 13a and 13b 
is 1.0mm, and the thickness St of the strap is 1.3mm. 

[0033] The experiment is progressed in three stages, which are represent as first, 
second, and third experiments. 

[0034] In the first experiment, only the inside diameter Dbi of the anode body 1 1 is 
reduced to the range of 32.5 to 34.0 mm while other parameters are kept the same. 

[0035] As a result, a graph as shown in FIG. 3 is obtained. That is, if the inside 
diameter Dbi of the anode body 11 is reduced by 0.5mm, the resonance frequency is increased 



by 50MHz. 

[0036] The reason is as follows. 

[0037] In the magnetron, the anode 10 is designed to serve as resonator. That is, an 
inductance is formed between a side surface of the vane 12 of the anode 10 and the an inside 
wall of the anode body 11, and a capacitance is formed between adjacent vanes 12, the strap 
12 and the vane 12, and the inner and outer straps 13a and 13b, such that the anode 10 forms a 
parallel LC resonant structure. 



[0038] Accordingly, as shown in ah equation (1) below a "frequOTcy~of lKe~LC~ 
resonant circuit can be obtained therefrom, the capacitance and the resonance frequency are 
inversely proportional, such that the reduction of the inside diameter Dbi of the anode body 11, 
which in turn reduces a resonance cavity formed in a space between adjacent vanes 12, also 
causes a reduction of the capacitance, which increases the resonance frequency, at the end. 

^~2ttVZc " """" (1) 

[where, f denotes a resonance frequency, L denotes an inductance, and C denotes a 
capacitance]. 

[0039] At the end, as illustrated in FIG. 3, within a desired range of 32.5 to 34.0mm 
of the inside diameter Dbi of the anode body 11, a desired resonance frequency 2450MHz is 
not available. 

[0040] Next, for solving the problem of the first experiment, the second experiment is 
carried out, in which both the inside diameter Dbi of the anode body 11 and the strap distance 
Siso are varied. 

[0041] As a result, as illustrated in FIG. 4 A, it is found that there is a relation between 
the inside diameter Dbi of the anode and the strap distance Siso, which can maintain a 2450 
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MHz resonance. 

[0042] That is, the desired resonance frequency of 2450MHz can be obtained at a 
desired dimension of the inside diameter Dbi of the anode body 11. 
[0043] The reason is as follows. 

[0044] As shown in an equation (2) below, when a potential is applied between two 
insulated plate conductors, a capacitance 'C becomes the greater as a distance 'd' between 
the two plates is the smaller, which implies that if the strap distance Siso between the inner 
and outer straps 13a and 13b, which is equivalent to The two conductor plafe^i^ifnade" the 
smaller, the capacitance between the two straps 13a and 13b becomes the greater. 

C = £o l (2) 

a 

[where, So denotes a dielectric constant, S denotes an area of opposite plates, and 'd' 
denotes a distance between the plates]. 

[0045] Consequently, the capacitance which becomes the smaller as the inside 
diameter Dbi of the anode body 11 becomes the smaller is compensated with a reduction of 
the strap distance Siso which is equivalent to 'd' in the equation (2). 

[0046] That is, it can be known that if the strap distance Siso is reduced appropriately 
at the same time with reduction of the inside diameter Dbi of the anode body 11, the same 
capacitance can be maintained, leading to obtain the 2450MHz resonance frequency. 

[0047] In the meantime, even though both desired resonance frequency and reduction 
of the inside diameter Dbi of the anode body 11 are obtained, as shown in FIG. 4B, it can be 
known that a magnetron efficiency, an energy efficiency of the magnetron, drops sharply 
starting from 34.5mm inside diameter Dbi of the anode. 

[0048] At the end, even though material cost of the anode 10 and a desired resonance 



frequency can' be obtained by reducing the inside diameter Dbi of the anode body 11 and the 
strap distance Siso, a problem of sharp drop of the magnetron efficiency is caused. 

[0049] This is caused by a sharp drop of a quality factor Qu of the anode 10 as 
expressed in the following equation (3), which will be described in association with the 
equation (3). 

[0050] The equation (3) represents an unloaded quality factor Qu of a whole anode 
having the straps 13 fitted to the upper and lower part of the vanes 12 respectively. 



l=±|£ t Ix£ (3) 

Ct = Cr + Cs 

Qr = kx(V/S), Qs = kxSiso 

an accumulated energy at an anode 



dissipated energy from a resonator in one second 
[Where, V denotes a volume of a resonant cavity between adjacent vanes 12, and S 
denotes a surface of a resonating part. Cr denotes a capacitance of an anode excluding the 
straps 13, i.e., a capacitance between vanes 12, Cs denotes a capacitance by the inner straps 
13a and the outer straps 13b, and Ct denotes a capacitance of entire anode 10. Qu denotes an 
unloaded quality factor of entire anode, Qr denotes the unloaded quality factor of the anode 
10 without the straps 13, and Qs denotes the unloaded quality factor of the inner straps 13a 
and the outer straps 13b. k denotes a coefficient, and Siso denotes a distance between the 
inner strap and the outer strap]. 

[0051] Referring to the equation (3), it can be noted that if the inside diameter Dbi of 
the anode body 11 is reduced, which in turn reduces the volume 'V* of the anode 10, Qr is 
reduced, too. Also, as noted in the experiment 1, if the inside diameter Dbi of the anode body 
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11 is reduced, the resonance cavity between adjacent vanes 12 is also reduced, which reduces 
the Cr value, too. 

[0052] On the other hand, since it is required that Ct is kept constant for maintaining 
the resonance frequency 2450MHz of the anode 10, a greater Cs value is required for 
compensating for a reduced Cr value. Therefore, if the strap distance Siso is reduced the same 
as the experiment 2 for the greater Cs value, Qs value is reduced, at the end. 

[0053] Eventually, as both the inside diameter Dbi of the anode body 1 1 and the strap 
distance SiscTanTredu^^ Qs 'values are reduced," to reduce the Qu 

value sharply. Referring to FIG. 3, the reduced Qu value implies greater energy dissipation 
from the resonator, and drop of energy efficiency. 

[0054] After all, taking the object of the present invention being reduction of the 
inside diameter Dbi of the anode body 11 into account, what is required for enhancing the 
energy efficiency is an increase of Qu value, which implies an increased Qs value, i.e., the 
strap distance Siso. 

[0055] However, the increased strap distance Siso returns to the same result with the 
experiment 1, failing in obtaining the desired resonance frequency at the inside diameter Dbi 
of the reduced anode body 11. 

[0056] For solving these problem, the third experiment is carried out, in which both 
the strap distance and the strap thickness St are varied together with the inside diameter Dbi 
of the anode body 1 1 . 

[0057] The strap thickness St is varied because the capacitance varies with the strap 
thickness St. That is, the greater the strap thickness St, the greater an area of opposite straps 
13, which in turn makes the capacitance the greater as expressed in the equation (2), which 
implies that the reduction of capacitance caused by reduction of the inside diameter Dbi of the 



anode body 1 1 is compensated, not with a change of the strap distance Siso, but with the strap 
thickness St, for obtaining the desired resonance frequency. 

[0058] Thus, as the strap distance Siso can be increased along with the Qs value in 
the equation (3) by adjusting the strap thickness St appropriately, which increases the Qu 
value at the end, the energy efficiency can be improved. 

[0059] Of course, even though, in a point of view, the increase of strap thickness St is 
not consistent with the objects of the present invention of fabricating a smaller anode 10 and 
reduce a material cost, the reduction of the inside ^ diameter r DK^f^"^ioa^b"i5ay permits" to' 
achieve the objects of the present invention, adequately. 

[0060] Taking above problems into account, in the third experiment, the inside 
diameter Dbi of the anode body 11 is reduced, and, at the same time with this, the strap 
distance Siso and the strap thickness St are varied appropriately while the resonance 
frequency of the anode 10 is kept to be 2450MHz, and under which condition, the efficiencies 
of the magnetron are compared. 

[0061] As a result, referring to FIG. 5, it is noted that the magnetron efficiency drops 
sharply starting from 0.8mm and below of the strap distance Siso regardless of an inside 
diameter Dbi variation of the anode body 11, and varies moderately at values greater than 
0.8mm. 

[0062] It is also noted that the magnetron efficiency is below 70% starting from 
32.5mm and below of the inside diameter Dbi of the anode body, and above 70% at values 
greater than 32.5mm, under a condition a range the strap distance Siso is 0.8mm and greater. 

[0063] In the meantime, the strap thickness St is omitted from FIG. 5, because the 
strap thickness St for maintaining the 2450MHz resonance frequency is naturally fixed 
according to above equations once the strap distance Siso and the inside diameter Dbi of the 



anode body 1 1 are fixed. 

[0064] A relation between Qu and the magnetron efficiency will be discussed, with 
reference to the following equation (4) for describing the result of the third experiment in 
more detail. 

= — + — (4) 

Q L Qu Q E 

„ „ r accumulated energy at an anode 

Q L = 2nf Q x — 

• total energy dissipated in one second 



^ ^ - accumulated energy at an anode 



Qe =2^o 



energy dissipated from an anode in one second 

accumulated energy at an anode 
energy dissipated from external loads in one second 



xZu 

[Where, Qu denotes an unloaded quality factor of entire anode, Qe denotes a quality 
factor for an external load, a ratio of an accumulated energy at the anode to an energy 
dissipated from external loads (an antenna fitting position, a waveguide, an object to be 
heated, and the like) outside of the anode, Ql is a quality factor for an entire load, denoting a 
ratio of an energy accumulated at an anode to a total energy dissipated by an internal 
resistance and an external resistance in one second. t]mgt denotes a magnetron efficiency, rje 
is an electron efficiency, denoting a ratio of a DC energy provided to an anode to an energy of 
a microwave from the anode, which is less sensitive to sizes of the anode, to be constant at 
approx. 80%. r\ c is a circuit efficiency, denoting a ratio of an output power to a power 
provided to a load at a required frequency of the magnetron, and varies with a size of the 
anode, and when r| c is kept approx. 90%, the magnetron efficiency is maintained to be approx. 



70%.] 

[0065] Referring to the equation (4), what vary with a size of the anode 10 sensitively 
are Q L , Qu, and the circuit efficiency r\ Cy wherein the Q L can be fixed at approx. 150 - 250 by 
adjusting the Qe, appropriately. 

[0066] The Qe is adjusted by using a method in which a position of the antenna 16 
fitted to the vanes 12 is adjusted among different parameters for fixing the external load, 
through which the Ql value is adjusted. With reference to FIG. 3, the inside diameter Dbi is 
adjusted in the range of 32.5 to 34.0mm, and the strap distance Siso is adjusted in the range of 
0.8 to 1.2mm so that the Qu value is to be greater than 1450. 

[0067] At the end, since the electron efficiency r| e which has no relation with the size 
of the anode 10 is maintained at 80% according to the related art, and the circuit efficiency r\ c 
related to the size of the anode 10 is maintained to be approx. 90%, the magnetron efficiency 
t|mgt can be maintained greater than 70% the same with the related art. 

[0068] Meanwhile, the small sized anode 10 has been review in view of efficiency of 
the magnetron up to now, and will be reviewed in view of heat of the magnetron. 

[0069] If the inside diameter Dbi of the anode body 11 is reduced, at the end, an area 
of heat exchange is also reduced, with a consequential reduction of heat to be transferred to 
the cooling fins 17, which implies an inadequate cooling down, to deteriorate a thermal 
characteristic of the magnetron, resulting in the magnetron being out of order. 

[0070] This is caused as a maximum rated temperature of the anode 10 is exceeded. 
Particularly, the maximum rated temperature of the anode 10 is approx. 500°C, and when the 
anode 10 has a temperature exceeding this, it is required that the anode 10 is cooled down. In 
a case of the small sized anode 10, the reduction of heat exchange area, with reduction of heat 
transfer, causes deterioration of thermal characteristic. 

" " ■ 14 - 



[0071] However, referring to FIG. 6, as a result of the thermal characteristic 
experiment, it is verified that the anode 10 of the magnetron of the present invention is stable 
in view of heat in a case the anode body 11 has a 32.5mm inside diameter Dbi and over, 
below which the thermal stability becomes extremely poor. That is, the inside diameter Dbi of 
the anode body can not be reduced below 32.5mm. 

[0072] The magnetron is reviewed in light of efficiency and thermal stability, and 
simplification of a fabrication process of the anode 10 will be reviewed from now on. 

[0073] For simplification of the anode fabrication process, it is i preferable~th¥t~the~ 
anode body 11 and the vanes 12 are formed as one unit at a time. Particularly, it is more 
preferable that thicknesses of the anode body 11 and the vanes 12 are designed to be the same, 
and formed by press, so that a shearing stress is exerted to the anode body 11 and the vanes 11 
uniformly, to minimize a defect ratio. 

[0074] Even if the anode body 11 and the vanes 12 are not formed as one unit, but if 
the thicknesses of the anode body 11 and the vanes 11 are the same, unnecessary fabrication 
process can be omitted as separate management of thickness of the anode body 11 and the 
vanes 12 are not required like the related art. 

[0075] Eventually, owing to size reduction of the entire magnetron, the magnetron of 
the present invention can reduce a product cost by more than approx. 21% than the related art 
magnetron while performance of the related art magnetron is maintained, which is a 
significant reduction of cost and enhances a product competitiveness. 

[0076] The smaller anode permits effective space utilization as a space occupied by 
the anode in the magnetron is reduced. 

[0077] As has been explained, the small sized anode, and the magnetron therewith of 
the present invention have the following advantages. 
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[0078] First, the smaller anode without change of a magnetron performance permits 
an effective space utilization and reduction of a material cost of the expensive anode by 
approx. 21% in comparison to the related art. 

[0079] Second, the fabrication process is simplified as the anode body and the vanes 
are designed to have the same thicknesses. 

[0080] It will be apparent to those skilled in the art that various modifications and 
variations can be made in the present invention without departing from the spirit or scope of 
the invention. Thus, it is intended that the presenriiivehtio and 
variations of this invention provided they come within the scope of the appended claims and 
their equivalents. 
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